For the complex Ginzburg-Landau equation on a large periodic interval, we show that the transition from defect-to phase-turbulence is more accurately described as a smooth crossover rather than as a sharp continuous transition. We obtain this conclusion by using a powerful parallel computer to calculate various order parameters, especially the density of space-time defects, the Lyapunov dimension density, and the correlation lengths of the field phase and amplitude. Remarkably, the correlation length of the field amplitude is, within a constant factor, equal to the length scale defined by the dimension density. This suggests that a correlation measurement may suffice to estimate the fractal dimension of some large homogeneous chaotic systems.
Recent advances in laboratory technique [1] and in computer simulation [2] [3] [4] [5] have opened up the study of boundary-independent spatiotemporal chaos in large homogeneous sustained nonequilibrium systems [6] . Many fundamental questions remain unanswered about such chaotic systems, e.g., what different states can occur, how transport depends on different states, and what kinds of bifurcations separate one state from another. An especially interesting question is whether ideas from statistical mechanics might be applicable to chaotic nonequilibrium systems in the thermodynamic limit of infinite system size [7] [8] [9] . A significant step towards understanding some of these questions was recently reported by Shraiman et al [2] . These researchers studied different spatiotemporal chaotic states of the one-dimensional complex Ginzburg-Landau equation
on a large periodic interval of length L = 1024, which they assumed to be large enough to approximate the thermodynamic limit of infinite system size. Here the variables t and x denote time and position respectively, the complex-valued field u(x, t) = ρe iφ has magnitude ρ(x, t) and phase φ(x, t), and the parameters c 1 > 0 and c 3 > 0 are real-valued. Eq. (1) is an important model of spatiotemporal chaos because it is simple, experimentally relevant
[10] and universal [9] : spatially extended systems that undergo a supercritical Hopf bifurcation from a static to oscillatory homogeneous state reduce to Eq. (1) Because so little is known about possible critical phenomena of large homogeneous nonequilibrium systems and because Eq. (1) is such an important model, we have tried to characterize more carefully the dynamics near the L 1 line for the fixed parameter value c 1 = 3.5. By calculating various order parameters over length scales as large as L ≤ 10 6 and over time scales as large as T ≤ 10 7 , we are able to show below that the change from defect-to phase-turbulence near the L 1 line is more accurately described as a smooth crossover rather than as a sharp continuous transition with power-law scaling of order parameters [2] . It is then a possibility that phase turbulence (i.e., a chaotic state with n D = 0 in the thermodynamic limit) does not exist although we can not settle this with our present computer resources. Our calculations also confirm several points predicted by Shraiman et al and by other researchers [13] , e.g., that the spatial correlation function of the phase should decay exponentially inside the phase-turbulent regime. We have also studied whether the dimension density δ (Lyapunov fractal dimension per unit volume) is a useful order parameter for characterizing changes in spatiotemporal chaotic states [9, 3, 14] .
The dimension density defines a dimension correlation length ξ δ = δ −1/d [9] which is the characteristic size of dynamically independent subsystems of spatial dimensionality d [3] . A comparison of ξ δ with other characteristic length scales as a function of the parameter c 3
gives the remarkable result that ξ δ is, up to a constant factor, equal to the spatial correlation length of the field magnitude, ξ ρ , from the Newell line to beyond the L 1 line.
An important resource for the advances reported below was a CM-5 parallel computer [15] , which facilitated the study of much larger space-time and parameter regions than were previously conveniently accessible. Our numerical methods for integrating Eq. (1) and for calculating related order parameters are similar to previous methods [2] except for modifications of algorithms and codes to take advantage of the CM-5's scalable parallel architecture [3] . For most of our simulations, we used a time step ∆t = 0.05 and a spatial resolution of two Fourier modes per unit length; this space-time resolution was dictated by the need to detect isolated space-time defects when estimating the density n D [2] . Our with slower-than-exponential decay of temporal correlations [2] . If defects do not occur in the thermodynamic limit, a perturbation theory in the small quantity ǫ = c 1 c 3 − 1 yields a simpler description of phase turbulence near the Newell line, ǫ → 0. In that limit, Eq. (1) reduces to the Kuramoto-Sivashinsky (KS) equation [17, 9] 
and the amplitude ρ becomes an algebraic function of a spatial derivative of the phase,
Some of our calculations below provide the first quantitative comparisons of phase turbulence as described by Eqs. (2) and (3) with phase turbulence as empirically observed in Eq. (1).
For the parameter value c 1 = 3.5, for a system size L = 4096, and for an effective integration time of T = 10 7 (after allowing transients of duration 10 4 to decay), we find in Assuming equal errors bars on all data points, we find the chi-square value for the fit to be
The increase in the exponent with increased space-time resolution suggests that a power-law scaling is inappropriate. As shown in Fig. 1(b) , we find a better fit of the same data with the functional form
which is the expected behavior for thermodynamic Gaussian fluctuations of the phase gradient ∂ x φ if large values of the latter are the reason for defect nucleation [2] . If we set α = 1, a least-squares fit of Eq. (4) (1) and estimated its value indirectly by calculating a phase diffusion coefficient D = 1/ξ φ from phase-gradient correlations [2] . Exponential decay of spatial correlations is also expected for phase turbulence if the latter is described at long-wavelengths by the Kardar-Parisi-Zhang (KPZ) Langevin equation [13] . By going to quite large system sizes (L = 10 6 ) and to long integration times, we have verified directly that the phase spatial correlation function [16] decays exponentially well to the left of the L 1 -line as shown in Fig. 3(a) . As the parameter c 3 decreases, the quantity ξ φ varies smoothly through a local maximum near the L 1 line, and then increases steadily until we can no longer estimate its value accurately with our computer resources. The smooth variation of ξ φ through the L 1 region is consistent with a crossover rather than with a sharp transition. The apparent divergence of ξ φ upon approaching the Newell line, ǫ → 0, can be understood semiquantitatively as shown in Fig. 3(a) by a scaling argument [18] that predicts ξ φ ∝ ǫ −5/2 . The agreement is within about 10%.
The phase correlation length ξ φ is the same as that of the field u itself [3] , but there is a separate, generally shorter, correlation length scale ξ ρ associated with fluctuations of the field amplitude ρ (also with the phase gradient ∂ x φ). Fig. 3(b) compares the reciprocals of the phase and amplitude correlation lengths with the Lyapunov dimension density δ, whose reciprocal defines the dimension correlation length ξ δ discussed above [3] . Up to constant factor of 1.4, we find that the amplitude correlation length equals the dimension correlation length ξ δ over a substantial range of parameter c 3 . (An independent and related result was also recently reported by other researchers [19] .) This remarkable result suggests that the big fractal dimension of some large homogeneous chaotic systems might be accurately estimated by simple correlation function calculations. In work that we will discuss elsewhere [14], we have also calculated the variation of ξ δ across a nonequilibrium Ising transition in a twodimensional coupled map lattice [8] . Although the agreement is not quite so striking, ξ δ still matches closely the correlation length associated with fluctuations of the magnitude of the site variables.
In Fig. 4 , we make two final comparisons of how phase-turbulence, as described by the adiabatic approximation Eq. 
Restoring the original space, time, and magnitude scalings gives the following c 1 and c 3 dependence of the dimension density for KS phase turbulence:
In Fig. 4(a) , we compare Eq. (5) with our empirically determined values of δ for Eq. (1) from Fig. 3 than the agreement between dimension densities.
In conclusion, we have used a powerful parallel computer to characterize more carefully the change from defect-to phase-turbulence near the L 1 line in the periodic one-dimensional Ginzburg-Landau equation in the limit of large system size. Instead of a sharp continuous transition with power-law scaling of order parameters [2] , we found a smooth crossover with new and anomalous structure near the L 1 line, e.g., the variation of ξ φ in Fig. 3(a) and the change in slopes of dimension density and amplitude fluctuations in Fig. 4 . We confirmed recent predictions [2, 13] that the phase correlation function decayed exponentially well to the left of the L 1 line, with the related correlation length being finite and large. We also found two length scales associated with the field u, a long scale associated with phase fluctuations and a short scale ξ ρ associated with amplitude fluctuations. Surprisingly, the length ξ ρ equals, up to a constant factor, the dimension correlation length ξ δ associated with the dimension density. This suggests that spatial correlations of certain observables may suffice to estimate big fractal dimensions of some large homogeneous chaotic systems.
Numerous interesting questions remain for future study. Our calculations leave open the theoretical question of whether phase turbulence (n D = 0) exists in the thermodynamic limit.
More generally, it is still not known whether a chaos-to-chaos nonequilibrium transition can occur in an infinite one-dimensional system. Some of our results might be tested by experiment [10], e.g., the variation of phase correlation length ( Fig. 3(a) ) and the scaling of amplitude fluctuations near the Newell line (Fig. 4(b) ). It would be interesting to extend our calculations to other parts of the c 1 -c 3 parameter plane, e.g., to understand the hysteretic bichaotic regime c 1 < 1.8, for which defect-turbulent and phase-turbulent states evidently coexist in parameter space [2, 4] . If phase-turbulence is just a small n D limit of defectturbulence, it is more difficult to understand the coexistence of different states of identical symmetry. Finally, it would be interesting to repeat similar calculations in two-and threespace dimensions, for which the point-like space-time defects in one-space dimension are replaced by long-lived topological defects such as vortices and lines [13] .
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